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Abstract 

t ' Reported are  independent measurements o,O t he  abso rp t ion  c r o s s  s e c t i o n  of 

A value  of (3.1 * 0.6) x lO-l7 

- .  

t h e  I O  radical f o r  t h e  A2fl  - X2n band system. 

cm2 was observed for the (4,O) bandhead i n  good agreement with an earlier 

i n v e s t i g a t i o n .  

bands over  the wavelength range of 410 t o  470 m. However, no measurable ( <2 x 

Resul t s  are also reported f o r  t he  (5,0), (3,O) , ( 2 , 0 ) ,  and ( 1 , O )  

cm2) abso rp t ion  was found f o r  the (0,O) band. The atmospheric 

pho tod i s soc ia t ion  rate cons tan t ,  JIO, for solar z e n i t h  angles  of Oo t o  40° was 

c a l c u l a t e d  t o  have a value  of (0.06 f 0.01) sec'l. 

f i v e  lower than  previous est imates .  

r e a c t i o n  I O  + I O  + products  (3) has been measured a t  760 t o r r  N2 and 300°K. 

measured e f f e c t i v e  bimolecular ra te  cons tan t  was found t o  be (6 f 2) x 

cm3-molec-l *SeC" , i n  good agreement with r e c e n t  r e s u l t s  by Sander (1  986). 

T h i s  value is a f a c t o r  of 

F i n a l l y ,  t h e  r a t e  c o e f f i c i e n t  for the  

The 

- 
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t 
. I n t r o d u c t i o n  

- .  , 
* .  * 

The role  of iod ine  i n  t ropospher ic  photochemistry has  been t h e  s u b j e c t  of 

s p e c u l a t i o n  fo r  s e v e r a l  years.( '  ,293) I t  has been proposed, for example, t h a t  

methyl iodide  as well as iodine  i n  o ther  chemical forms from marine sou rces  or 

nuc lea r  r e a c t o r s  can be photolyzed i n  t he  atmosphere t o  produce atomic iodine .  

I t  is f u r t h e r  pos tu l a t ed  t h a t  i n  t he  n a t u r a l  t roposphere atomic iod ine  may 

p a r t i c i p a t e  i n  free radical dr iven  chemical c y c l e s  t h a t  a l te r  t roposphe r i c  

l e v e l s  of ozone, HxOy, and NO, species3,  

release from nuc lea r  r e a c t o r s ,  the ques t ion  posed is t ha t  concerning the  

atmospheric  l ifetime of r a d i o a c t i v e  iod ine ,  and hence, its dispersal  over l a rge  

geographica l  areas v i a  atmospheric t r a n s p o r t  p rocesses ,  

Concerning the p o s s i b l e  a c c i d e n t a l  

The 10 molecule has been i d e n t i f i e d  as one of the  key  i n t e rmed ia t e s  i n  the 

atmospheric  i o d i n e  cycle ( 3 ~ 7 , ~ ) ;  thus ,  b o t h  its p h o t o l y t i c  and gas k i n e t i c  

lifetime are i n  need of c a r e f u l  eva lua t ion .  

p r i m a r i l y  v i a  the  A211 + X2n band system i n  the  417 -470 nm s p e c t r a l  range. =€his 

sys t em was d i scove red (4 )  and, a n a l y z e d ( 5 ~ ~ )  previous t o  1961. 

a b s o l u t e  photoabsorpt ion c r o s s  s e c t i o n  data were a v a i l a b l e  u n t i l  a low 

r e s o l u t i o n  spectrum was publ i shed  i n  1983(7).  

has been s u b s t a n t i a l l y  r e v i s e d  (8). 

measurement, a t  h igher  r e s o l u t i o n ,  t h a t  confirms t h e  o r i g i n a l  s tudy  by Cox and 

Coker7 while d i f f e r i n g  somewhat i n  the  r e l a t i v e  band i n t e n s i t i e s ,  p a r t i c u l a r l y  

i n  regards t o  the  (0,O) t r a n s i t i o n ,  

spectrum presented  here a l s o  suppor t s  the  J-dependent p r e d i s s o c i a t i o n  suggested 

by a r e c e n t  laser- induced f luorescence  measurement(9). 

The solar pho to lys i s  of I O  occurs  
- 

However, no * 

Subsequently,  the  l a t t e r  result -. 
The p r e s e n t  work inc ludes  an independent 

- 

The r o t a t i o n a l l y  reso lved  ( 2 , O )  band 

Experimental  

Iod ine  monoxide was photochemically genera ted  i n  t h i s  s tudy  b; the laser 

f l a s h  p h o t o l y s i s  of ozone 8n the  presence of iodine.  The source  mixture  was 

prepared by mixing two f l o u s  of n i t rogen  carrier gas;  one t h a t  had been passed 

through a t rap conta in ing  reagent  grade i o d i n e  c rys ta l s  and the  other t h a t  had 
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'been doped with zero grade a i r  and passed through a discharge-type ozone 
a .  

genera tor .  The ozone and iod ine  concent ra t ions  were monitored v i a  o p t i c a l  

abso rp t ion  a t  254 nm (a = 1.13 x 

10-1 

measurements of I O  were recorded using t h e  ou tpu t  of a X e C l  excimer pumped dye  

cm2, ref. 10)  and 500 nm (a = 2.19 x 

cm2, ref. 11 1, r e spec t ive ly .  As shown i n  Fig. 1 ,  o p t i c a l  abso rp t ion  . .  

laser. The dye laser ou tpu t  bandwidth was approximately 0.01 nm (FWHM). The 

a n a l y s i s  beam was t y p i c a l l y  passed through the  sample chamber 60 times us ing  a 

White c e d 1 5 )  conf igura t ion ;  however, t he  a c t u a l  number of passes  was l i m i t e d  

by f i l m s  forming on the  AR coated chamber windows, presumably due t o  thermal 

r e a c t i o n s  of t h e  type: 

I 2  + 03 + Products  

The p h o t o l y s i s  l a s e r  cons is ted  of a KrF excimer l a s e r  which produced 30 mJ - 
per  pu l se  a t  248 nm i n  a 12 mm x 12 mm beam. For a b s o l u t e  c r o s s  s e c t i o n  

measurements, t h e  beam was ape r tu red  t o  1Omm x 10mm. The s p a t i a l  homogeneity of 

t h e  beam was v e r i f i e d  by scanning a pinhole  a p e r t u r e  a c r o s s  the beam profile-and 

by in spec t ing  burn p a t t e r n s  on photosens i t ive  paper. 

- 

0 
S p a t i a l  v a r i a t i o n s  were 

70% or less. The p h o t o l y s i s  energy was measured by a calibrated thermopile  

(Sc ien tech )  t h a t  was pos i t ioned  immediately behind t h e  sample cell .  These raw 

measurements were then  co r rec t ed  for Fresne l  l o s s e s  us ing  t h e  measured 

t r a n s m i s s i v i t y  of the c e l l .  Absorption of the  pho to lys i s  beam by t h e  sample gas  

was found t o  be n e g l i g i b l e .  

The t o t a l  pa th  l e n g t h  of the  a n a l y s i s  beam through t h e  photo a c t i v e  r e g i o n  

of t h e  sample chamber was def ined by the  product  of t h e  l O m m  w i d t h  p h o t o l y s i s  

beam and the number of passes  through t h e  chamber as determined both  by d i r ec t  

count and by measurement of t h e  time d e l a y  between i n p u t  and ou tpu t  pu lses .  The 

v a l i d i t y  of t h e  l a t t e r  'approach was f u r t h e r  confirmed by abso rp t ion  measurements 
\ 

of NO2 produced from t h e  pho to lys i s  of "03. 

For re lat ive c r o s s  s e c t i o n  measurements the 1Omm x 1Omm a p e r t u r e  was 

removed and t h e  thermopi le  was replaced by a mi r ro r  which reversed  t h e  

3 
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. ..# p h o t o l y s i s  beam to r  a second pass  through the, sample, roughly  doubling t h e  I O  

concen t r a t ions .  S t a b i l i t y  of the [ I O ]  was v e r i f i e d  by f r e q u e n t  checks of t h e  

r e f e r e n c e  wavelength a t  427 nm. 

The pre-photo lys i s  concen t r a t ions  of I2 and 03 were va r i ed  over t h e  range 

I n  of 2.8 t o  l l X 1 0 1 4  molec.cm-3 and 1.7 t o  4 . 3 ~ 1 0 1 ~  molec.cm-3, r e spec t ive ly .  

a l l  cases the ozone level  was near 1% of t h e  oxygen l e v e l  and t h e  t o t a l  pressure 

was - 760 Torr, The i n i t i a l  0 atom concent ra t ion  was computed as  the  product of 

the p h o t o l y s i s  photon f l u x  and an ozone abso rp t ion  cross s e c t i o n  ( l o )  of 

1.0x10'18cm2.molec-1. 

cm-3 w i t h  a s i n g l e  p h o t o l y s i s  pass and roughly double  t h a t  w i t h  two p h o t o l y s i s  

The range of i n i t i a l  [O] observed was 2.7 t o  4 . 5 ~ 1 0 ~ 3  

passes .  Note t h a t  under our experimental c o n d i t i o n s  the  primary process  

& _  X=248 nm 03 + hv 
seconds of t h e  pho to f l a sh  due t o  t h e  rap id  quenching by n i t rogen .  

b O ( l  D)+O2 r e s u l t s  i n  ' the  product ion  of O ( 3 P )  w i th in  nano- 
Thus, t h e  

f o r n a t i o n  of I O  involved t h e  reac t ions :  

( 1 )  OOP) + x2 IO + I 

and (2) I + 03 + I O  + 02 

Other  p o t e n t i a l l y  important  r e a c t i o n s  i n  t h i s  system inc lude :  

( 3 )  IO + I O  + products  (e.g. 1202, I2  + 02, and/or  21 + 02) 

( 4 )  

(5) 

OGP) + 03 + 202 

OPP) + 0, - 03 
c 

-. M 

M and ( 6 )  I + I - 12 

. 
. .  
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.. . Regu l t s  and Discussion 
- .  

The r a t e  equat ions  r e s u l t i n g  from r e a c t i o n s  ( 1 )  through (6)  were i n t e g r a t e d  

numerical ly '  us ing  a piecewise l i n e a r  approximat ion( l2)  t o  determine the 

concen t r a t ion  of IO i n  time., The r a t e  c o e f f i c i e n t s  used i n  t h i s  a n a l y s i s  were 

k1 - 1.38 x 10-1°(13), k2 = 9.6 x 10'13(8), K 3  = 6 x k4 = 8.9 x 

10'15(14) ,  K~ = 1.5 x 10'14(14) and ~6 = 9.3 x i0-13(3). 

expressed  here i n  cm3-m0lec-~ 0s-l. 

~ i i  k va lues  are 

The uppercase K ' s  r e p r e s e n t  bimolecular 

e q u i v a l e n t  k's us ing  a t h i r d  body N2 concen t r a t ion  of 2.5 x 1019 molec-cm-3; 

however, K3 r e p r e s e n t s  the e f f e c t i v e  bimolecular K va lue ,  a t  one atmosphere 

p r e s s u r e  of N2, t h a t  encompasses the  three d i f f e r e n t  product channels  a s  shown 

i n  equat ion  ( 1 ) .  

observed temporal v a r i a t i o n  i n  t h e  I O  abso rp t ion  w i t h  model curves  using s e v e r a l  

The va lue  used here  for K 3  is based on curve f i t t i n g  t h e  

- 
d i f f e r e n t  va lues  of K3. 

2. 

3.4x101~molec.cm'~ r e spec t ive ly .  

i n d i v i d u a l  absorbance measurements, each involv ing  one p h o t o l y s i s  pu l se  and two 

An example of such a comparison is i l l u s t r a t e d  i n  F ig .  

For t h i s  experiment t h e  i n i t i a l  12 and 0 concen t r a t ions  were 6 . 2 ~ 1 0 ~ ~  and 

Each experimental  p o i n t  is an average of 15 

- 
. 

e 

a n a l y s i s l p r o b e  pulses .  

more than  one s t anda rd  dev ia t ion  below zero.  The f o u r  smooth curves  r e p r e s e n t  

model r e s u l t s  wi th  K 3  va lues  of 2, 4, 8 and 1 6 ( x 1 0 ~ 1 1 c m 3 ~ m o l e c ~ 1 ~ s ~ 1 ) ,  

Although some of t h e  va lues  a r e  nega t ive  none of them is 

r e s p e c t i v e l y ,  from t o p  t o  bottom. 

From Fig .  2, two important  f i nd ings  are apparent .  F i r s t l y ,  with a factor  

of 8 change i n  K3, the  peak [IOJ concent ra t ion  v a r i e s  from 79% t o  95% of t h e  

i n i t i a l  [O]. 

i n s e n s i t i v e  t o  e r r o r s  i n  K3. 

The cross s e c t i o n  values  computed from these d a t a  are t h u s  l a r g e l y  

Secondly, a t  a t o t a l  p re s su re  of one atmosphere 

t h e  va lue  of K 3  of -2 x 10'1@cm3- molec-l esec-l ,  publ i shed  i n  earlier 

works(7,8), is clear ly  i n c o n s i s t e n t  with the  obse rva t ions  of t h i s  work. The 

b e s t  f i t  t o  t h e  c u r r e n t  da.ta from 7 experiments involv ing  a range of [O] and 

, 

[ I23 l e v e l s  i n d i c a t e s  a K3 

agreement w i t h  the  r e c e n t  measurement by Sanderz0. 

va lue  of ( 6  f 2)  x 10'' cm3*rn0lec'~ 0sec-l , i n  good 
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.. 
. .  ', Iodine  monoxide cross S e c t i o n s  as a func t ion  of wavelength were assembled - ._ 

by f irst  measuring t h e  ( 4 , O )  bandhead c r o s s  s e c t i o n  and then  scanning t h e  

remainder  of the spectrum w i t h  f requent  r e fe rences  t o  the  ( 4 , O )  head. F ig .  3 

shows a composite of t h i s  spectrum numerically smoothed t o  an e f f e c t i v e  

r e s o l u t i o n  of 0.3 nm fo r  comparison with a p rev ious ly  publ i shed  spectrun7. The 

( 4 , O )  band is v i r t u a l l y  i d e n t i c a l  i n  both works, and t h e  c u r r e n t  va lue  of 3.1 f 

0.6 x lO"7 e m 2  for  t h e  (4,O) band head a l so  ag rees  ve ry  wel l  wi th  more r e c e n t  

resu1ts2O. The r e l a t i v e  i n t e n s i t i e s  of t h e  other bands are somewhat d i f f e r e n t  

from those Of ref .(7),  b u t  the  most s t r i k i n g  d iscrepancy  is t h e  absence of the  

(0,O) band i n  the p r e s e n t  work.  Taking t h e  n o i s e  l e v e l  i n  t h e  p re sen t  data a s  

an  upper bound y i e l d s  a (0,O) bandhead c r o s s  s e c t i o n  of < 2 x 

roughly 20 times below t h e  va lue  observed he re  f o r  t he  (2.0)  head. A 

t h e o r e t i c a l  estimate of the  Franck-Condon f a c t o r s ( l 6 )  r e s u l t s  i n  a p r e d i c t e d  9:l 

r a t i o  and a laser-induced f luorescence  observa t ion  r e v e a l e d  the (0,O) band t o  be 

l e s s  than  one t e n t h  t h e  (2,O) i n t e n s i t y ( 9 ) .  

l a t t e r  r e s u l t 9  is com?licated by the  p r e d i s s o c i a t i o n  of t he  A211 state. 

t h e  apparent  r o t a t i o n a l  temperature of 70°K exh ib i t ed  by t h e  f luorescence  

spectrum was ascribed t o  a r o t a t i o n a l  dependence i n  t h e  p red i s soc ia t ion .  

hypo thes i s  would seem t o  be confirmed by the high r e s o l u t i o n  ( 2 , O )  band spectrum 

shown h e r e  i n  F ig .  f4 which compares favorably t o  t h e  300°K p r e d i c t i o n  Of ref. 9. 

The f luo rescence  spectrum of the  (0,O) band was observed t o  have a more normal 

300°K d i s t r i b u t i o n  sugges t ing  t h a t  the (2,O) band may lose more i n  i n t e n s i t y  t o  

p r e d i s s o c i a t i o n  than  t h e  (0,O) t r a n s i t i o n ,  making t h e  (0,O) band r e l a t i v e l y  more 

prominant i n  f luo rescence  t h a n  i n  absorpt ion.  The l a t t e r  arg-ment  would seem t o  

be i n  agreement wi th  the c u r r e n t  result. 

cm2 or 

\ 

However, i n t e r p r e t a t i o n  of the  
;t 

I n  f a c t ,  

T h i s  

The ( 3 , l )  band has  been included i n  F ig .  3 b u t  t h e  r e l a t i v e  i n t e n s i t y  can 

no t  be  i n t e r p r e t e d  i n  a s t r a igh t fo rward  manner because of t h e  t r a n s i e n t  

c h a r a c t e r  of the  v i b r a t i o n a l l y  exc i t ed  ground s ta te .  

i n  our e s t ima te  of t h e  solar  photo lys i s  rate. 

T h i s  band was not  included 

An a b s o r p t i o n  f e a t u r e  near 410 
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' .  nm, c o n s i s t e n t  wi th  t h e  (6,O) band of I O ,  was observed b u t  a p o s i t i v e  

i d e n t i f i c a t i o n  was not  poss ib le .  

i n t e n s i t y  and d i d  no t  c o n t r i b u t e  s u b s t a n t i a l l y  t o  the  e v a l u a t i o n  of t h e  

a tmospher ic  p h o t o l y s i s  ra te . .  . 

. *. 

This  new band was well below the  (5,O) band i n  

The ra te  of I O  pho to lys i s  i n  t h e  t roposphere  has been estimated from the  

data  of Fig.  3 and the c a l c u l a t e d  solar f l u x e s  from Peterson'g.  

va lue  is 0.06 50.01 

The r e s u l t i n g  J 

f o r  solar zen i th  ang le s  from Oo t o  40° and d e c l i n e s  t o  

0.04 k 0.01 3-l a t  80°. 

r e p o r t e d  by Cox and Coker7. 

T h i s  va lue  d i f f e r s  s h a r p l y  from the va lue  of 0.3 

Apparently there are two sources f o r  t h i s  

discrepancy.  F i r s t l y ,  the  average c ros s  s e c t i o n  va lues  of Table I1 i n  Cox and 

Coker's work seem t o  be i n c o n s i s t e n t  wi th  the d a t a  they  p r e s e n t  i n  t h e i r  Fig.  1 

-. which d i s p l a y s  t h e  I O  cross s e c t i o n  vs. wavelength. Secondly,  t hey  observed a 

g r e a t e r  degree of absorp t ion  between the  ind iv idua l  I O  bands than  was seen  i n  

the p r e s e n t  work. 
\ 

The impact of our r epor t ed  values  of K3 and JIO on t h e  t roposphe r i c  

photochemistry of iod ine  w i l l  be addressed i n  a subsequent  pub l i ca t ion .  The 
P 

a u t h o r s  note ,  however, t h a t  meaningful modelling e v a l u a t i o n s  of t h i s  system mus t  

deal wi th  no t  only new v a l u e s  f o r  J(Io) and K3 b u t  must also a s s e s s  t he  

atmospheric  photochemical fa te  of o ther  key iod ine  s p e c i e s  such as  1202 and HOI, 

as  well as var ious  boss ib l e  gas k i n e t i c  processes  invo lv ing  these same spec ie s .  

A t  t h i s  time, information on both 1202 and HOI appears t o  be very  l i m i t e d  and 

new s t u d i e s ,  r e l e v a n t  t o  n a t u r a l  atmospheric cond i t ions ,  would seem t o  be 

needed. 
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Figure Captions 

Fig. 1. Laser f l a s h  photolysis/laser-absorption spectroscopy hardware: RC - 
r e a c t i o n  cel l ,  MPMA - multipass mirror assembly, RD - r e f e r e n c e  

photodiode, S D  - s i m a l  photodiode , TD - t iming  d iode ,  T - 
thermopile ,  CF - co lo r  f i l t e r s .  

. .  

Fig. 2. P r o f i l e  or IO build-up and  decay due t o  t h e  r e a c t i o n s  O@P) + 12, I + 

03, and I O  + I O  + products .  

r e s o l u t i o n  .3 ma. -- . 

Fig. 4. High r e s o l u t i o n  p l o t  of I O ( 2 , O )  band, .025 nm 

. . .  


